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Specifications 

1 . Title of the invention 

Immunoassay method 

2. Claims 

1. In an immunoassay method having a step for binding a substance to be measured to a water-insoluble 
carrier either directly or by means of ligands that are immobilized on the said carrier, a step for binding 
antibodies with labels to the said substance to be measured and a step for measuring the said labels, an 



immunoassay method characterized by the aforesaid labels being a DNA, the said DNA being detected 
after the amplification of the said DNA by the repetition of steps (1) through (3), the said steps being, (1) 
a step for the denaturing of DNA into single strands, (2) a step for the complementary binding of 
oligonucleotides to the single-strand DNA and (3) a step for the synthesis of DNA using DNA 
polymerase. 

2. An immunoassay method characterized by oligonucleotides being the labels for the antibodies and the 
like, single-strand DNAs complementary to the said oligonucleotides being bound to the said 
oligonucleotides, oligonucleotides and DNA polymerase being added and then the method of claim 1 
being used to amplify the DNAs, the said amplified DNAs then being detected. 

3. An immunoassay method characterized by DNA polymerase being the labels for the antibodies and the 
like, oligonucleotides and DNA being added and then the method of claim 1 being used to amplify the 
DNAs, the said amplified DNAs then being detected. 

3. Detailed Description of the Invention 

Field of Industrial Application 

The present invention relates to a method for the immunoassay of biological systems such as 
peptides, proteins, hormones and toxins in the fields of biochemistry, medical chemistry, microbial 
technology and molecular biology. 

Prior Art 

Methods for the detection of biological systems that use immunoassay methods of the prior art are 
discussed in Analytical Biochemistry, 171, 271 (1988) and in the Journal of Immunological Methods, 83, 89 
(1985). With these methods, a sample solution is added to antibodies that are immobilized on an 
immunoplate or a glass piece to cause specific binding between the antibodies on the carrier and the 
substance to be assayed present in the sample solution. After washing away the substances that did not 
bind, enzyme-labeled antibodies are added to bind the enzyme-labeled antibodies to the substance to be 
measured present on the carrier and bound with antibodies. After washing away the excessive 
enzyme-labeled antibodies, enzyme substrates are used to measure the activity of the enzymes on the carrier 
to detect the targeted substance. Since enzyme-labeled antibodies are used for the detection of the 
substance to be measured, these methods are referred to as enzyme immunoassays. 

Analytical Biochemistry, 17L 271 (1988) describes examples of measuring a-fetoprotein or human 
IgG using antibodies labeled with inorganic pyrophosphatase (EC.3.6.1.1). Inorganic pyrophosphatase 
activity is measured by using molybdic acid and malachite green to emit color from the inorganic 
phosphates produced by the pyrophosphates. 

The Journal of Immunological Methods, 83, 89 (1985) describes an example where human 
thyroid-stimulating hormones are measured using antibodies labeled with alkaline phosphatase. Here, 
nicotinamide adenine dinucleotide (NAD+) produced from nicotinamide adenine dinucleotide phosphate 
(NADP+) by the effects of alkaline phosphatase is used to drive the enzyme cycle of alcohol dehydrogenase 
(EC 1.1.1,1) and diaphorase (EC 1 .6.4.3). NAD+ is reduced by alcohol dehydrogenase and becomes 
reduced nicotinamide adenine dinucleotide (NADH). When NADH is converted back to NADH- by 
diaphorase, formazan dyes are synthesized from tetrazolium salt. By measuring the formazan dyes that are 
generated, the quantity of the targeted substance to be measured is measured. 

Problems to be Solved by the Invention 

With the afore-described prior art, the detection of enzymes labeled with antibodies, etc. is 



accomplished by generating dyes, etc. from the substrate using the catalytic effects of the enzymes or 
replacing the substance produced by the substrate with different dyes and then measuring their extinction or 
fluorescence. However, these methods of the prior art had the following problems. 

(1) With the prior art, if the nonspecific adsorption of the enzyme-labeled substances is kept low, the 
reaction time of the enzymes can be improved and substances of low concentration can be measured. 
However, improving the minimum measurement limit by a factor of ten requires that the reaction time be 
increased by at least a factor of ten, presenting the problem of an extremely long enzyme reaction time. 
The reason for this is that, with the prior art, the enzymes are used only as catalysts for the production of 
dyes, etc. from the substrates. Stated differently, even if the reaction were to be performed using grossly 
excessive amounts of the substrates to maximize the number of enzyme cycles, the quantity of products 
such as dyes increases only in proportion to the reaction time. 

(2) Enzymes are detected by measuring the extinction or the fluorescence intensity of the substances that are 
produced by the substrates by the effects of the enzymes. Hence, substances with a high absorption 
coefficient or a strong fluorescence cannot be used as the substrates. Fluorescein, sulforhodamine 101, 
ethidium bromide and other fluorochromes, for example, cannot be used as the enzyme substrates because 
of their strong fluorescence. 

It is the first object of the present invention to provide an immunoassay method that can detect 
substances of low concentration in a practical amount of time. 

To achieve the aforesaid first object, it is the second object of the present invention to provide an 
immunoassay method which uses an enzyme detection method that employs dyes with a strong fluorescence 
such as fluorescein, sulforhodamine 101 or ethidium bromide which could not be easily used in the prior art 
for the measurement of enzyme activity. 

Means for Solving the Problems 

The aforesaid first object is accomplished by a step of using DNA or DNA polymerase as labels for 
the antibodies and then denaturing the DNA to become single strands, a step for the complementary bonding 
of the single-strand DNAs to oligonucleotides, a step for synthesizing the DNAs using DNA polymerase 
and amplifying the DNAs by repeating the aforesaid steps. 

The aforesaid second object is achieved by using, in the aforesaid method for achieving the first 
object, oligonucleotides bonded to dyes such as fluorescein so that DNAs introduced with dyes are 
synthesized, and then measuring the said DNAs. Here, unreacted dye-bonded oligonucleotides can be 
removed by eletrophoresis, ultrafiltration or chromatography. Alternatively, the aforesaid second object is 
achieved by using a DNA stain such as ethidium bromide to stain the DNA amplified as described in the 
aforesaid method for achieving the first object. 

In the afore-described method for achieving the first object, it is not always necessary to detect the 
synthesized DNA. Instead, pyrophosphates that are generated during the synthesis of DNA using DNA 
polymerase may be assayed. What should be noted here is that the reaction using DNA polymerase is 
usually done at a high temperature, around 70°C. Because of this, during the DNA amplification, DNA 
polymerase substrates such as ATP and GTP undergo pyrolysis, although minimally, resulting in the 
nonenzymatic production of pyrophosphates. It is therefore necessary to remove the pyrophosphates after 
the amplification of DNA, repeat the DNA synthesis at a low temperature and then measure the 
pyrophosphates that are produced. 

Pyrophosphates can be assayed by reacting APS sulfurylase in the presence of APS (adenosine 
5'-phosphosulfate) after the removal of dATP, etc. and converting the pyrophosphates into adenosine 5'-3 
phosphate (ATP). When luciferase is reacted with the ATP that is produced in the presence of 0 2 and 
luciferin, adenosine 5'- 1 phosphate, C0 2 and pyrophosphate are produced along with the emission of 



luminescence. The amount of pyrophosphates can be determined by measuring the luminescence intensity. 
Operation 

After reacting the substance to be measured that is immobilized on a carrier with antibodies, etc. 
labeled with DNA, the unreacted DNA labeled antibodies are removed by washing to leave behind on the 
carrier the DNA-labeled antibodies in an amount corresponding to that of the substance to be measured. 
[The DNA-labeled antibodies] are heated in the presence of an excessive amount of oligonucleotides to 
dissociate the DNAs into single strand DNAs. Next, when the temperature is lowered, DNA is re-bonded 
with the oligonucleotides. If, at this time, DNA polymerase is present, DNA that is complementary to the 
single strand DNA is synthesized using the oligonucleotides as the origin. 

The respective temperatures for the dissociation of DNA into single strands, the re-bonding of 
oligonucleotides and the DNA polymerase reaction are different. This means that if the DNA polymerase 
is heat-stable, the cycle involving the dissociation of DNA, re-bonding of oligonucleotides and synthesis of 
DNA can be repeated simply by raising and lowering the temperature. Each cycle synthesizes one 
complementary strand that corresponds to each double-strand DNA. This means that under ideal 
conditions, the amount of DNA doubles after each cycle. Repeating the cycle results in a geometric 
increase in the amount of DNA. The amount of amplified DNA depends on the amount of DNAs labeling 
the antibodies, and the amount of DNAs labeling the antibodies depends on the amount of the substance to 
be measured that is trapped on the carrier. Therefore, by determining the amount of amplified DNA, the 
amount of the substance to be measured can be determined. 

The case where DNA polymerase is used to label the antibodies is described next. The antibodies 
labeled with DNA polymerase bond with the substance to be measured that is immobilized on a carrier. 
When DNA and oligonucleotides are added and the cycle of DNA dissociation, bonding of single-strand 
DNA with oligonucleotides and DNA synthesis is repeated, the amount of DNA increases. The reaction 
proceeds in the presence of excessive amounts of DNA and oligonucleotides as compared to the amount of 
DNA polymerase. This means that the amount of DNA that is synthesized for each cycle is constant. The 
amount of DNA that is amplified depends on the amount of DNA polymerase that labels the antibodies, and 
[the amount of] DNA polymerase depends on the amount of the substance to be measured that is trapped on 
the carrier. Therefore, by determining the amount of amplified DNA, the amount of the substance to be 
measured can be determined. 

An example of a method for detecting the amplified DNAs involves first removing the unreacted 
oligonucleotides by electrophoresis and then measuring the fluorescence intensity after staining the DNA 
with a fluorescent stain such as ethidium bromide. Or, if the DNA is synthesized using oligonucleotides 
bound with fluorescent dyes, the amplified DNAs can be made to be fluorescent. The amount of DNA, that 
is, the amount of the substance to be measured, can be determined by measuring the fluorescence intensity 
after removing the unreacted oligonucleotides bound with fluorescent dyes. Since the molecular weight of 
oligonucleotides bound with fluorescent dyes is less than that of the synthesized DNAs, the oligonucleotides 
can be easily removed by electrophoresis, ultrafiltration, chromatography or propanol extraction. 

The amount of the substance to be measured can also be determined by assaying the 
pyrophosphates that are generated when the DNA is synthesized instead of detecting the DNA that is 
synthesized. The DNA polymerase has the effect of releasing one pyrophosphate every time one DNA 
base is bound during DNA synthesis. This means that if the DNA polymerase is made to react at a low 
temperature after first removing the pyrophosphates from the DNA that was amplified by the repetition of 
the synthesis cycle, pyrophosphates are produced in an amount that corresponds to the amount of DNA. 
Since this allows the amount of DNA that was synthesized to be determined from the amount of 
pyrophosphates that are produced, the amount of the substance to be measured can be determined. 



Embodiments 

Embodiments of the present invention are described next. 
Embodiment 1 

[The inventors] have confirmed that the substance to be measured can be detected by the 
amplification of DNA using DNA-labeled antibodies. Human a-fetoprotein with a concentration of 10' 13 M 
was used as the substance to be measured. Isotope-labeled oligonucleotides were used so that a scintillation 
counter could be used for the detection. The materials used for the measurement are described first. 

(1) Carrier 

With this embodiment, the carrier was glass beads on which anti-human a-fetoprotein antibodies 
had been immobilized. The method of preparation is described next. 

Glass beads with a diameter of 2 mm and a rough surface were treated with 3-(2-aminoethyl 
aminopropyl)-trimethoxy silane to introduce amino groups to the surface. Reaction with glutaraldehyde was 
used to introduce aldehyde groups using the amino groups. After reacting the antibodies, the unreacted 
aldehyde groups were inactivated with ethanolamine. [The glass beads] were stored in a buffer solution 
(hereafter "PBS") with a pH of 7.4 comprising 50 mM phosphates and 0.15 M NaCl containing 50 mg/mol 
bovine serum albumin and 0.01% sodium ethyl mercury salicylate. 

(2) Oligonucleotides 

Two types of oligonucleotides with the following structures consisting of 20 bases 
complementarily bonded to human mitochondria DNA were synthesized using the phosphoramidite method. 

I: 5 '-ATGCTAAGTTAGCTTTACAG-3 ' 

II: 5 '-ACAGTTTC ATGCCC ATCGTC-3 ' 

(3) DNA 

A fragment derived from human mitochondria DNA and comprising 121 base pairs consisting of a 
sequence interposed between 5 '-ACAGTTTCATGCCCATCGTC- and 
-CTGTAAAGCTAACTTAGCAT-3'and its complementary strand was used. 

(4) DNA polymerase 

Taq DNA polymerase 

(5) Isotope-labeled oligonucleotides 

The aforesaid oligonucleotides I and II with 32 P introduced to the 5' end were obtained following 
the procedure used by Maniatis, T. et al in "Molecular Cloning: A Laboratory Manual" ((1982), p. 122, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York). 

(6) DNA-labeled anti-human a-fetoprotein antibodies 

The method of preparation is described below. 

The aforesaid oligonucleotides were synthesized using the usual phosphoramidite method. At the 
final stage of the reaction, amino-phosphorous 72 (manufactured by Applied Biosystems) was used to 
introduce aminohexyl groups to the 5' end of the oligonucleotides in a phosphate form. The 
aminohexylated oligonucleotides were refined by gel filtration in a Sephadex G10 column. This was 
followed by a reaction with N-succinimidyl 3-(2-pyridyldithio) propionate, a bifunctional reactive reagent. 
The unreacted bifunctional reactive reagent was removed in a Sephadex G10 column to obtain 
oligonucleotides introduced with pyridyldithio groups. After reacting the anti-human a-fetoprotein 
antibodies with 2x moles of N- succinimidyl 3-(2-pyridyldithio) propionate, sulfide groups were introduced 
by reduction with dithiothreitol. The anti-human a-fetoprotein antibodies introduced with sulfide groups 



were refined in a Sephadex G25 column. 

The oligonucleotides introduced with pyridyldithio groups and prepared in the above-described 
manner and the anti-human a-fetoprotein antibodies with sulfide groups introduced were mixed in a molar 
ratio of 2: 1 and allowed to react for 24 hours at room temperature. Unreacted oligonucleotides were 
removed with Sephadex G25. Anti-human a-fetoprotein antibodies with oligonucleotides bound to them 
were obtained in the above manner. 

Either of the two types of oligonucleotides mentioned above may be used. 

Next, single-strand DNA derived from human mitochondria was complementarily bonded to the 
antibodies bonded with oligonucleotides. This was followed by a reaction with DNA polymerase 1 Klenow 
fragment (10 units/ml) for 30 minutes in the presence of 200 each of dTTP, dATP, dGTP and dCTP. 
The above operations provided anti-human a-fetoprotein antibodies bonded with human mitochondria 
derived DNA fragments each comprising 121 base pairs. Lastly, the DNA-labeled anti-human 
a-fetoprotein antibodies were refined by gel filtration in a Sephacryl S-300 column. 

Next, the following experiment will be used as a basis for showing that human a-fetoproteins can 
be measured by the amplification of DNA labeling the antibodies. The change in intensity of the signal that 
is obtained with the number of DNA amplification reactions that is performed is described here. 

One glass bead on which anti-human a-fetoprotein antibodies had been immobilized was placed in 
a vessel. 100 \xl of a solution containing 10" 13 M of human a-fetoprotein were added and stirred for 30 
minutes. After washing with a PBS containing 10 mg/ml of bovine serum albumin, 100 (il of DNA-labeled 
anti-human a-fetoprotein antibodies (antibody concentration of 10 nM) prepared in the above-described 
manner were added and stirred for 3 hours. This was followed by washing first with a PBS containing 10 
mg/ml of bovine serum albumin and then with a 10 mM tris hydrochloric acid buffer of pH 8.3 containing 
50 mM of KC1 and 1.5 mM of MgCl 2 . 

The above operations resulted in binding DNA-labeled anti-human a-fetoprotein antibodies to the 
human a-fetoproteins trapped on the glass bead. 

This was followed by DNA amplification. 100 |il of buffer solution for DNA synthesis containing 
2.5 units of Taq DNA polymerase, dATP, dTTP, dGTP and dCTP each with a concentration of 200 (iM and 
two types of isotope-labeled oligonucleotides (1 |xM) were added. The said buffer solution for DNA synthesis 
is a 10 mM tris hydrochloric acid buffer solution of pH 8.3 and containing 50 mM of KC1, 1.5 mM of MgCb and 
0.01% gelatin. 

Next, the reaction cycle described below was repeated 1 to 34 times. 

(1) Maintain 94°C for 1 minute to create single-strand DNAs. 

(2) Maintain 55°C for 2 minutes to complementarily bond the oligonucleotides to the single-strand DNAs. 

(3) Maintain 72°C for 2 minutes for DNA synthesis. 

The reaction solution was subjected to electrophoresis in a 10% polyacrylamide gel. The gel band 
containing the amplified DNA was removed, and the radioactivity derived from 32 P was measured with a 
liquid scintillation counter. 

FIG. 1 shows the measured curve depicting the change in radioactivity with the number of reaction 

cycles. 

The results show that the specific radioactivity increased by 1.6-fold for each additional cycle for 
the range of 10 to 26 reaction cycles. This shows that repeating the reaction H-times amplifies the amount of 
DNA by 1.6" times. This is because the DNA that is obtained in one synthesis reaction serves as the 
template for the next synthesis reaction resulting in the reactions to proceed in a chain reaction-like manner. 



Each DNA synthesis reaction takes approximately 10 minutes including the time required for 
raising and lowering the temperature. In other words, the amount of DNA increases by 1.6-fold every 10 
minutes. 

With immunoassay methods of the prior art, antibodies directly labeled with enzymes and isotopes 
are used for the detection. With an enzymatic reaction, the amount of reaction products increases 
proportionately with time. The same is true when isotope-labeled antibodies are used, and the count 
increases in proportion to the time spent measuring the radioactivity. In either case, the intensity of the 
signals that are obtained increases proportionately with time. Since the present invention uses a DNA 
synthesis reaction wherein the reaction products increases in a chain reaction-like manner, a beneficial effect 
is that substances present in lesser amounts can be detected in short amounts of time as compared to the prior 
art. For example, with the method of the prior art which measures fluorescence using peroxidase-labeled 
antibodies and H 2 0 2 and p-hydroxyphenyl propionate as substrates, the minimum detectable limit was 10" 12 
to 10" 11 M of human a-fetoproteins (sample solution quantity of 100 jil). This result was roughly the same 
even when antibodies labeled with 131 I was used. 

With the present invention, repeating the DNA synthesis reaction by 20 to 30 times allows 10" 13 M 
of human a-fetoproteins (sample solution quantity of 100 |nl) to be detected with margin to spare, thus being 
a method that is of a sufficiently higher sensitivity than the prior art. 

In the present embodiment, the method used for labeling the antibodies with DNA was to first bind 
oligonucleotides to the antibodies and then using DNA polymerase 1 Klenow fragment to synthesize the 
DNAs on the antibodies. Similar results were obtained when, instead of this method, DNAs with an 
aminohexyl groups introduced to the 5' end on one of the strands were synthesized and bound to the 
antibodies using the method employed in the afore-described embodiment. 

Results similar to those of the afore-described embodiment were obtained when the following 
method was used with oligonucleotide-labeled antibodies instead of DNA-labeled antibodies. 

First, oligonucleotide-labeled anti-human a-fetoprotein antibodies were reacted with human 
a-fetoproteins that were trapped on a glass bead. Next, single-strand DNAs were complementarily added to 
the oligonucleotides and left standing for 5 minutes at 45°C. Unreacted DNA was removed by washing. 
The above procedure binds the DNA to the oligonucleotides labeling the antibodies. Then oligonucleotides 
and Taq DNA polymerase were added in a similar manner as in the afore-described embodiment to repeat the 
DNA amplification reaction. 

The afore-described embodiment uses DNA as the label for the antibodies, but when the DNA 
amplification reaction was performed using anti-human a-fetoprotein antibodies labeled with Taq DNA 
polymerase, human a-fetoprotein could still be detected. However, unlike the case where DNA-labeled 
antibodies were used, the amplification factor of the DNAs decreased as the DNA amplification reaction was 
repeated. 

With the afore-described embodiment, the radioactivity incorporated in the DNA by the DNA 
amplification reaction is measured to detect the anti-human [sic] a-fetoproteins. However, similar results 
were obtained when pyrophosphates that are generated when DNA is synthesized were measured. 

Embodiment 2 

Using fluorescent dye-labeled oligonucleotides, human a-fetoproteins were detected by measuring 
the dyes that were incorporated in the amplified DNAs. The materials used for the measurement are 
described first. 

(1) Carrier 

Glass beads on which anti-human a-fetoprotein antibodies had been immobilized were prepared in 



the same manner as in Embodiment 1. 

(2) Oligonucleotides 

The same two types of oligonucleotides as in Embodiment 1 were prepared. 

(3) DNA 

The same DNA as in Embodiment 1 was used. 

(4) DNA polymerase 

Taq DNA polymerase 

(5) Dye-labeled oligonucleotides 

Fluorescein prepared as follows was used as the dye. 

Following the method of Embodiment 1, two types of oligonucleotides with aminohexyl groups 
introduced to the 5' end were obtained. At a pH of 8.5, lOx moles of fluorescein isothiocyanate were added 
and allowed to react for 6 hours at room temperature. Unreacted fluorescein and their decomposition 
products were removed in a Sephadex G25 column. The oligonucleotides labeled with fluorescein were 
obtained in the manner described above. 

The method for the measurement of human a-fetoprotein is described next. With the present 
embodiment, the fluorescence intensity that was produced for human oc-fetoproteins of different 
concentrations was measured. 

First, one glass bead on which anti-human a-fetoprotein antibodies had been immobilized was 
placed in a vessel. 100 \il of a solution containing 0 to 10" 12 M of human a-fetoprotein were added and 
stirred for 30 minutes. After washing with a PBS containing 10 mg/ml of bovine serum albumin, 100 (il of 
the DNA-labeled human [sic] a-fetoprotein antibodies (antibody concentration of 10 nM) prepared in the 
manner described above for Embodiment 1 were added and stirred for 3 hours. This was followed by 
washing first with a PBS containing 10 mg/ml of bovine serum albumin and then with a 10 mM tris 
hydrochloric acid buffer of pH 8.3 containing 50 mM of KC1 and 1.5 mM of MgCl 2 . The above operations 
resulted in binding the DNA-labeled anti-human a-fetoprotein antibodies to the human a-fetoproteins 
trapped on the glass bead. 

This was followed by DNA amplification. 100 |il of buffer solution for DNA synthesis containing 
2.5 units of Taq DNA polymerase, dATP, dTTP, dGTP and dCTP each with a concentration of 200 jjM and 
two types of fluorescein-labeled oligonucleotides (1 \xM) were added. 

Next, the reaction cycle described below was repeated 30 times. 

(1) Maintain 94°C for 1 minute to create single-strand DNAs. 

(2) Maintain 55°C for 2 minutes to complementarity bond the oligonucleotides to the single-strand DNAs. 

(3) Maintain 72°C for 2 minutes for DNA synthesis. 

The reaction solution was subjected to electrophoresis in a 10% polyacrylamide gel. The band 
with the amplified DNA was irradiated with 488 nm argon laser, and the 520 nm fluorescence that was 
emitted was measured. < 

FIG. 2 shows the fluorescence intensity that was obtained from human a-fetoprotein of different 
concentrations. FIG. 2 shows that DNA amplification reaction using fluorescein-labeled oligonucleotides 
allows human a-fetoprotein to be measured with a good sensitivity. 

In the above-described embodiment, fluorescein was used to label the oligonucleotides, but similar 
results were obtained when 4-nitrobenzo-2-oxa-l, 3-diazol, 2-oxa-l, 3-diazol-4-2-sulfonic acid, 
sulforhodamine 101 and the like were used instead. 



In the above embodiment, fluorescein-bound DNA was synthesized and its fluorescence measured. 
However, similar results were obtained when the DNA was detected by first removing unreacted 
oligonucleotides by electrophoresis and then a fluorescent stain such as ethidium bromide was used to stain 
the DNA. 



Effect of the Invention 

With the present invention, because DNA amplification reaction is used, the strength of the signal 
that is obtained with respect to the reaction time increases geometrically. Furthermore, while the use of 
fluorescein and the like for measuring enzyme activity had been difficult in the past, an effect [of the present 
invention] is that, since dyes with a high fluorescence efficiency or high specific extinction coefficient can be 
used, substances of low concentration can be measured in a short amount of time. 



4. Brief Description of the Figures 

FIG. 1 is a graph showing the signal values that were measured as a function of the number of DNA 
synthesis cycles for one embodiment of the present invention. FIG. 2 is a graph showing the measurements 
obtained with human oc-fetoprotein in another embodiment of the present invention. 

Agent: Patent attorney Katsuo Ogawa 
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ft » 2 T * # • 3n£<Btt*#ffifc»±jaTeOIKJ*fi 

jtfS # ft o fc • 

ft < is S *. * *v T * tf , »$O/*#0*nilfe 
fi<t*:tt, J: y ft $ /£ 0) ft # HW 5* "C £ 

* . L * U , i: * . M^TWSrl/lOIC 

ftfcLTfcjnSft&fcrtTft*. ft t% A* *. ft I: • 

* -c ft & . 



«C3 ¥3-167474 (2) 

h*ry->tftfc3i£fc-fcK:«kyiW&UTv>a. 

* fc . ^ -V - + to 4 U J x\*J 1\ )\> * 
y V X . 8 3 , 8 9 ( 1 9 8 5 ) "C li , 

jr jw a * )\> * v * an £ u w # id a * ft r ^ & . 

- n v 7 S K7r-v^3tf l/*f-KU» 
(NADP ♦ ) *yflil&l/fc-3fV7U'7r 

— V*jJL9 U*-^K ( N A D + ) £ HJ I* T 7 a 
-;i/rtKnyf-^ (KCl.l.l.l)fc&?7 
* 5 - i* (ECi.6.4.3)WffvH^'f 0 A/ ft W 
SDli^TVNo. NAD* kKoy 
*-i*fc:<fcy3J7GW-a^;/75 K7r-^;? 

0. 1/ * * K (NADH) K 28 ?t £ ft * . N ADH 

^ i/ 7*v--tfic«fcyNAD* k *r 6 a* . t* 
h 7 !/ y ^ a m * ^ * ;v v * > & at £ <v ) a r * . 

(2) ft m to «! ffl «i . IS* # 0) flJ ^ «fc U # H 0» 6 

fc * a . <fc o r tt 5? ^ * ^ * & * # a » ^ w 
o y «t v> <rt « «: « -r * ^ K « * w ^ ^ ni 

T S <fc v* . tihK\t. V to * » V "b A V * X >l/ 
,t a - ^ 5 V L 0 l^ifi/'f A^DVO'^ 

* ^fi «;i w 5R 1 w H ^ , ft i« Jt« ^ W & * W 

*: bj im « it * m -c ft * ft # ^ w « m m & c& o( + » 

^ *91 <7) 2 (?) f\ W tt , >. Jd JR 1 » M M S: i* (A 
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d Z 9 Is * * V DNA 

*&K:£ft*<7>xrc&8iySLDNA*Jff*fl 
£**£i:lcJ:yj$Aa£ftft. 

h S3 SB 2 <0 R M W: . ±JE^lWlW0i)Ai6»: 

IfeDNA^lAt. r ft S d il TSftX 

* ft a . rr-e. *££<&fesH*a^*u=f:**i/ 
ft * . 

>. *g m i <n r w * js a£t & // m k: *? » r a , « 

iif U^/i!llfeDNAfc«ft« l b4<tt,J:<, 



ft Cfl ¥3-167474 (3) 

ic ffl « 0 ft * ft * ft w j£ it . d n A ?K 'J * v 
- - *&m^fcjK#tti»tt70T;fflfcw ft 'u -e ft 

<3h6:tT^5. CWAc^DNA(OWWrtJtc, 
PNA/f U / 7-f^ttflT^ATP^QTP 
ftiftt. t>?frtt tfe>fo'j>M*:& It. ttflPJNMtc 

UNACDmWfcfjftOfcftK, *rfD«««:ifi( 
UftftS, TCiSttifl* D N A^lfc^tffc tt*>*T£ 

/A s * a « ftt a» ^ -r & - & # * a . 

fcra#fc<7)£*fci:LTtt. £ i: *. . d ATP ft 
if&Rhv^fc^^r-r^^v 5' - * x * x ;u 7 

I - h(A P S : Adenosine 5 ' — phosphosu i f a t e ) 
0^rET'CAPSAA/7'j7-€ (APS 
sulfurylase) Z &L & 2 It T * a & to 7 t S *S > 

5 ' - 3 m « (atp) k & & r * . ^: |A L fc 

ATP CO* fc/UV7:r»J>0)#? ! ET'C 
5-1*frfl5/H 7f;'/V5' - 1 # rt& 



*««Lfcft{*:#*JKJG2**:&, & BlJ&<?) dna 

W*|J K^^^TtjiDjfttTDNA 
S:««$1f:T-^«i:-r fc ic JH g * T tf * * . 
-*«UcftofcDNA**y=r2# l/ * * K * ff 
W^tft. £(A Ik? DNAtKU*5-12? 

i: 48 ffli rt^ ft D N A # fft 2 ft a . 

< jaa^**ft*fti*ft * . ^tdna 

fe'WtDNA(OjR«, *'J:*S?L/#*-K<Dtf*, 

DNA<o^fifto^-r^;i/S;< yig-rcfctf-osa. 
ni«)f -{^^r, 2*fltcoDNA-ttv-enic^ 

Jfcr*ffifflffitfl*-r-3#j&3ft*. J: o T , JH 
ffll ft K tt 1 f$<7) V 4 0 JU V D N A CO fit fcfc 2 ft 



6. * <T ^ >l/ £ < V 1* . DNAWfttt«»^ 

DNAttm^±cfin«$ttfc«[8w^^fr<?)«icw 

l?l/Tl>5. * -3 T , *fl*-J£ftfcDNAtf>fitfc*fl 

d i: # V * & . 

{* <7) to « H D N A 'J * 5 ~ -fe? ?c 1TI V> « ^ 

ul o r sft m -r a . w Jr. c isi 5£ it l t « » & & 
^■r*. DNAfc*ij=r30i/**Kfc;jn*.. 

DNAW^SIt, UfilONAH'Ji^l/^f 

KAMA*. DNA(0^ftR<Oif^^;i/&< UiSth, 
DNA(Dt^tft)JIIt5. Citfli, DNArff'J> 
^-^(DfilCjfcK, DNA*#tJ^?^*f K 

* ft f^T T JE JS # HI -r * . rco 

l{«I<0^-r^/l/-C^(&$tvftDNA(7)JitH 
-^flliift*. WffJ3ftfcDNA(0«Htt^$:« 
flllTV^DN A^U >5~-fer(OiftC«^U, 
D N A tK U 7 ~ * \t fit .h IZ m IE * ft » W 51 
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& z t tfiv * tilt* *> tomato fin 
jft**n & z. t #v * a . 

fcttt'fefe. x * i/' o a y a v A K co J; S fcDNA 

A U * 'J zf 2 * W * * K.fc ft V* T D N A & ^ fifc 
Tftl*. W«LfcDNAlCffi#£#fcr£fctf-e 

K ffi*5&JKfcoT!£-r * c * ic 

* y , d n a oft, -rfc*>^t&aj£&¥t0>ft&*n 

i/^f Ktt^itinfcDNAicJi^, tt^^ftr 
^jAUfeDNAfcttllitSftUK, DNAH 



(1) : 

& ft 2 « 21 tftf Hi ffif CO 7 * tr - X 3 
- (2-7; y x /I/ 7 5 y^ntT;u) - h U 

^/alfc^^^fcK&fcx^iy 

fc«7*^5Vfc0.01* x ;u ?K « *U * 
;HttthUn^O0.15MNaCH 
50nMlft»^6pH7.4 CO « Iff « ( & 

(2) # y =f * * Utf* K : 

2 0 ttS # <fc yft*&T<Otoia<02*RfflC0;*y 



ftG3¥3-l6747<1 (4) 

ftSZco«fc*a6c:fc# DNA^V>7- 
*<0#ffl K »J , DNASr^fia-Tfta^KlH, DNA 

<n « « i w M * f d a jft i ffl i* m * k 

DNAA^-ltttfo«lttfe«l^t(ft^, m /£ <fc ifl 
T?DNA;K'Jj*v--i*«:fl5fflSttafc, D N A CO 

k js & tr a * « & /A -r s . cfc^r^a^fts 

CO:ft&fr*ifctfr**U*^j&£frfcDNA<&tt 
S . 

SfcJfeW 1 

7*yh~:f7*;t/bfc*vif;*?i/**K£/fl 



I : 5' — ATGCTA AGTTAGCTTTACAG — 3 ' 
H : 5' — ACAGTTTCATGCCCATCGTC — 3 ' 

(3) DNA: 

ha^KU 7dn Atiuier, 

5 ' - ACAGTTTCATGCCCATCGTC - £ 
— CTGTAA AGCTAACTTAGCAT — 3 ' 

(4) DNA^iJ/7-^: 
TaqDNA)KU*9 — if 

(5) 7 -< V h - "/ 7 ^ ;H fc * U zS X 9 L/tJ"^K: 

a ^l/*jx^-#p — - : 7 7^7 h 

Ij-Vil7n/ W (1982) > 122 3 - 

(Molecular Cloning : A Laboratory Manual 
(1982)P122 Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York.) j&J *3J 0> V X 7 
x -f X * (Naniatis.T.et a 1 ) (?) # ift C (£ 
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5' *«ivc, sl P&#AU;fcfiUdeo;*«J:f2* 

(6) DNAt«liaifcttth«-7ihynf^ 
>fi<* : 

IK*';:rf**U;t*K&ftf£Lfc. £ JS «0 » 
ai:t?^rr ( r ^ 5 4 K >W 

tt & as -c & a . n-7^j/>-< ?j;/i/-3- 
( 2 - e t/ ;u y * * ) -/d^*>«^«?$ 

^G10*5Aftil>T«i*, truf;!/^** 



13 Kl¥ 3-167474 (5) 

-^/■effljctfir k « & m a l & . 

K * # A L Fi t h a - nh^Dr Ofi 

$ i*r . t 777 f y^0 2 5 tlHPT * H & 
l/3ff KfeHl^ft. & >. 0> ft ft T 

#y=f**u**K//*3ftb*i:ffifc: h a - 7 x 

# u =f 2 * i/*^KiifHnffiufc2^(m<7)v>-r 
n -c * * t* . 

tfy K ft £ * & . & K , DNArf(U>7-1^ I 
n;-77^Vh (10Jl';h/mi) 
U 2 0 0 /iM«dTTPtdATPt dGTP t 



dCTP©^^Tl?30^|llIfi«;Sitfc. # _h 
w fft # t h3VK'J7A*0l 2 1 Jfi # 

77f iJ^S- 8 0 0 *9Aft/|P fcy/uaifil 
T , DNAfefl»lf;Httha-7Ih7 < Df 

SrJWT<7)^ttk:%,i:^v>r^r. r d r ii , DNA 

a v a tr- x 1 m % k t u , io* ij m at 

ha-7lh-/DfO^t/jff«[100M«! 
Jfo *. . 3 0^IH«lfflfc, 10mg/mC*iftL?ff 

yyi/^^v&^t/PBS-piJt^ufeft, >. ffil & 

K«fc»JfWHUfcDNA««fitt ha-7xK7*a 

ur 1 0 n m) 1 oon a 

-491 



7*r«y't^t/PBS, JKS^r, 50mM 
K C fl i: L . 5 m M MgCfl* Ut/pH8.3 

-7Xh7'Pf -rVK^ft, DNAd^tiitN 
-7xhyor^;/tt#£tt#*-ti:fc. 

V h-7 , 5^fl/l/fe*ljrf?n*f K(l MM) 
^ 2 0 0 /»M©««fl)d ATP, dTTP, 
dGTP, dCTPt2.5 A X y h to T a q 

100MS:J)a/:. CI CI T? . Jr. ft! D N A ft f& ||| 
fiWIS^SOniMOKCUl.SinM 0) 
MgCiikO.O lH5f>H</pH8,3 
Wl OmMh'JAffi«tt»fjll[(D:i:T^^ 
^(CJ^TOJ5JC^-r^;i/$: 1 ~ 3 4 N < *J & I, 

(1) 9 4ti;U|Ill«* ) , DNA&-*ffiK:ir&. 

(2) 5 6 r 2 nil « *> . - * fll D N A *C * 'J =f 



(3) 7 2 -CV 2 tfffflft*. D N A 

p rH * (7) jh « tt * an £ u • 
m i mi* s # * -f * ^ w ft * * IJ * tt 
4r0<fc3tc«<K-r&^&^i"»0 5i i»i a *c # * . 

MtJi l . 6 <ff K & & £ ^ * o . c 0) i 
li, H fr n I»J < »J & T i: , DNAWft^l,6° 

l|fi)0#l&££Tt9&ftfcDNA#, GO # $ Jte 
foOtoM £ l> T tgffl S *v * Z t K J; U , JfcffiJKJC 

1 a® D N A^ftftJKtftt, »««)J:TIC*»ft 

^fckiDNAWitlil.6 Iff i: ft . 



> h # £ < ft a . ^ f *v «> » * * ■ » ft * 
fcXTJ:y^ft^#Rfcfti$flnT«mT*a*ftJft 

# & . * . */l/**i/y~-tf&l?3iaufc 

, iO" 1, -10" ll MOtha-7Xh^ 
a f >f > (KfUKJRl 0 0 M) *t * M T flt t? ft 

**Wfc/flnfttf. DNAM£JfcJ6fc20~ 
rxhyarO (Kff«*100M) * & ^ 

« */r tt -c ft ft . 



IIHlLf:. ztoi&iz* ~}><nm<n$' * « K 7 * 
M^J//l/»&ilSlAlfcDNA$:^AJlt, - ft * 

to r (ni tt *o *3 * »M9 *> ft . 

* . D N A fc tt ft U (a 60 ft »J C . * y 

ftfc. 

^5C^U^?l-KVCffl«)ftV^-^«DNA&|ia^. 
45tT, 5 5> PI ^ ^ • #JKJC0)DNAfcffi 

^jl^U^f K^DNA^tt^tfi. Jtt^n. >. 



D N A rff 'J ^ 7-^feAB^.t:DNA^«i(S«S:< 
J-f,C£flfcWri±fi#<n«»4&K D N A frill V> t 

♦tfJgjCfrtrfctf T4>, h a - 7 x h 7 u r •< v 

& tt m -e fr . u ^ u , d n a to tn m # & $ jh o 

.h & m "C . DNAKJKJJKffitDNAK* 

* t& -r a b$ k is * ^ d m m * aw si t r *i pi to ft 

2 

« « 6 l» to f» L 5f U =f ^ ^ ^ ^ * K «e )ll X . 
W W L fc D N A IC ft( U ii * ft fc & ii« 5: U ^ ^ - 

(1) m« : 
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fc#7Atr-Xft£fl5fllfcia]«K0Tjn«U 
. 

(2) * ij 4* 0 t/** K : 
&»flltR-<&2*fifflftttKaUfc. 

(3) D N A : 

fife W, 1 fc|FO-0>fc<Bft«!J11Lfc. 

(4) DNArfCJ^-^: 
TaqDNAjtfU* J 7-'tf 

(5) fcH* ft«» U fc* if 2 * U** K : 

t X 7 )\> * V *J M 4 V tc W wfc . g* H 

S/ JPJS ft* A 1/ MM0 * U * 2 1/ * ?■ K 
ft 19 fc . PH8.5 K v> r l o # * /U a 7 ;i/ 
jruv-fe-fv-rv^tfj/r^-hftJIniiU % m 

7^G25*ntffl^tBft^t. J: <0 # 



ttR!¥3-167471 (7> 

^ K fttOfc. 

r. ftnm&a t h a - v * v -t 

* ft «! * U . 

$ f ffi t h « - 7.x b 7 □ r -f ft W*Mfc 

MWt ha-7xh:/o«r-<:/ft# <y fflf ffijlOO 

* 0 ft ftl *. . 30*>ITO««iLfc. 1 0 m * / m ft 
'l^lfoftf 5 V ft t/ P B S VVbY* U fcfft, 

h^Dr^K* (^MfltHTlOnM) . 
lOOnCftjtaiU 3 # IN «t # L . 10m*/ 
m**jfiiW7>l/7'5v&fr&PBS, gl'TBO 
mMKC A t 1 . 5 m M MgCttx ftftt/pH 
8.3 ©lOmMhUXiattttWtt-CiJfc^bfe. 

7 x h y D =r A > Kti U , D N A fclSfctt t: h a - 

ft K > D N A (B iff tfj ft ft O . 2 



|tf«C&7/l/*bS/1r>rv«SaUfc*y=f20l/* 

* K (1 «M) ^ 2 0 0 ^MOaiS(0(IATP, 
d T T P , d G T P , dCTPfc2.5 l-V S 
tf> T a qDNA7KtJ^7--fefftftt/DNA^fiaffl 

(1) 9 4 ri: l *>llll»*> k DNAfc-*«i:f & . 

(2) 5 5ric2#faj#*,. l**|DNAfc:*i;=f 
* 2 U**Kftffi*flWK*3#*-t*ra. 

(3) 7 2rt2^HIJ«*., DNAft^fifcT*. 

SJCttft. i o % jK y r ^ y n/r 5 K y^/ft ffl 

^Tf5«*»|lfe. W M L D N A /<> K <B fitt# 

* 5 2 0 n mtttfttftaa^Ufc. 

K#uT#**,fcm*5a&ft7*-r. «2w*y,. 
7;i/*i/t/tr-rv«ijttufc5ryrf5i0i/ar^Kft 

WV^TDNAiWWJRjtCfttT^it-C, J8£«fc<fc 



_hS23*fl&0ITM**iJ:*2? i/#*-Kft&&-ta 
2-***l, 3 - i/' 7 - ,0/ - 4 - 2 - A ;i/ /* 

l«J^18Wt?ii7;i/*uytow«^Lfc 
<&?M;:***u** L KftBfev>fc&, x^i/rVAy 

D V K # 0 ffi # & ft ffi V* T D N A ft U T 

■ % m # <7) *h m # tn e> ti tc . 
C m o> to * ) 

«»«iKJftini*-*. * , 7 ;u * t/ y t? ^ > # ^ 

* /i/ * * 3% a » * m at & * <t> ft w <t # * m s> 
sk*tt«ft». «t « # *> & ft & & iai -c aw & 
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?!KI ¥3-167474 (8) 

4. W IM 0) fiSI * & 81 n .fl 

M3ei?I.OT2|5Itt*«f!M«)fl!l«>*IS«««)tha- ^ | gj 

7 x h r-f ><nm^.askteB-tmvs,i>. 




% 2 @ 
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